An indigenous mixed microbial culture isolated from an effluent treatment section of a coke oven plant has been studied for its m-cresol biodegradation capacity under aerobic batch reactor operation. The culture, after acclimatization could biodegrade up to 700 mg/L of m-cresol. The m-cresol concentration in the present study was at 50 mg/L and then ranged from 100 to 700 mg/L with step up concentration of 100 mg/L. Both biodegradation kinetics and microorganism growth kinetics were studied and kinetic parameters were estimated. The result showed that m-cresol was an inhibitory-type substrate and the inhibition effect became predominant after 200 mg/L of initial m-cresol. The specific growth rate of microorganisms increased up to 200 mg/L of m-cresol as sole carbon source, and then started decreasing. The kinetic data obtained in this study have been fitted to different substrate inhibition models (Haldane, Han-Levenspiel, Edward, Luong, Aiba, Teissier, Yano-Koga). Among all models, Han-Levenspiel and Luong were best fitted for this study (root mean square error ¼ 0.001349). In addition, the variation of observed yield coefficient Yx/s with initial mcresol concentration was investigated. The values of kinetic constants estimated by the models proved that the mixed culture used in the study had good potential for m-cresol degradation.
INTRODUCTION
Phenolic compounds are common water pollutants from various industrial waste streams, such as polymeric resin producing companies, coal gasification plants, oil refining and coke oven industries, fibreglass units, pharmaceuticals, explosive manufacturers and varnish industries ( Juang & Tsai ; Yan et al. ) . They are also included in the list of priority organic pollutants of the US Environmental Protection Agency (Yan et al. ) . Among all phenolic compounds, cresols are the major toxic organic pollutants that remain at the top of the list for the inherent difficulties they pose during their degradation. m-cresol is an isomeric phenol, with a methyl substituent at the meta position relative to hydroxyl group of phenol. In addition to being highly toxic and a potential carcinogen, cresol causes adverse effects on the central nervous system, lungs, kidneys and liver. Therefore wastewater containing m-cresol requires careful handling before discharge to receiving water bodies.
Some research has been done on m-cresol biodegradation by pure culture (Yan et al. ; Yao et al. ) . Investigation of the degradation of high concentrations of m-cresol using mixed culture is rare. In spite of their toxic properties, o-cresol, m-cresol and p-cresol are utilized by a number of organisms as their sole carbon and energy source, under aerobic conditions, even at very high concentration (Fialova et al. ) . (4.42 hr À1 ) indicating less resistance of the organism towards substrate inhibition. Yan et al. () also showed that mutated C. tropicalis degrades m-cresol more rapidly than the wild type strain. The mutated strain has a higher μ max (maximum specific growth rate) value than wild type. Their study also showed that when m-cresol was fed to the culture in presence of phenol, then inhibition imposed by m-cresol was stronger than that of The kinetics and interaction studies among the substrates had shown that m-cresol was inhibitory to the culture to some extent, but phenol had strong inhibitory effect on m-cresol degradation at lower concentration ranges and vice versa.
The present study deals with an indigenous mixed microbial culture that can degrade m-cresol as sole carbon and energy source, after acclimatization. The study also aims to find m-cresol biodegradation rates and the kinetic constants by fitting the specific growth rate data in different substrate inhibition models and finding the best-fitted model for the present data. 
where μ is specific growth rate of mixed microbial culture 
where Ki is the substrate inhibition constant (mg/L). Due to its significance it was widely adopted by most researchers.
Aiba et al. () proposed a model to express microbial growth rate as given by:
Yano & Koga () proposed a model based on a theoretical study on the dynamic behaviour of single vessel continuous fermentation, subject to growth inhibition at high concentration of rate-limiting substrate, e.g. acetic acid fermentation from ethanol, gluconic acid fermentation from glucose. The model form is given as:
where K 1 , K 2 are positive constants. Similarly, Edward () proposed a kinetic model (Equation (5)), which was a modified form of the Haldane model. But he found that his model did not perform better than the Haldane model:
where Ksi is the substrate inhibition constant (mg/L) and K is the constant. The Teissier model to predict substrate inhibition at higher substrate concentration (Edward ) is given as:
The model proposed by Luong (), as represented in Equation (7), appeared to be useful for representing the kinetics of substrate inhibition. Although the proposed model is of the generalized Monod type, it accounts for substrate stimulation at both low and high concentrations. The model has the capability to predict the values of S m , the maximum substrate concentration, above which the growth is completely inhibited:
Han & Levenspiel () proposed a model (Equation (8)) to express substrate degradation rate. This model involves a delay function, which has an exponential form and incorporates the critical product or substrate concentration corresponding to the inflection point on the growth curve:
where q is the specific substrate degradation rate (h À1 ), q max the maximum specific substrate degradation rate (h À1 ), S m the critical inhibitor concentration (mg/L) above which the reactions stops, and m and n are the empirical constants.
MATERIALS AND METHODS
Microorganisms and culture acclimatization conditions to the fact that the two models were originally developed for systems containing a different microorganism and substrate. Table 2 shows the comparison of biokinetic 
